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(54) Liquid crystal display 

(57) A liquid crystal display includes a fi rst insulating 
substrate with top and bottom surfaces. A pixel elec- 
trode is formed on the top surface of the first insulating 
substrate. The pixel electrode (12) has a first opening 
pattern (1 22,1 21 ,1 23) at each pixel area. The pixel elec- 
trode with the first opening pattern is substantially rec- 
tangular in shape with first and second long sides, and 
first and second short sides. The pixel electrode is 
divided into an upper region defined by the first and sec- 
ond long sides and the first short side, and a lower 
region defined by the first and second long sides and 
the second short side. A second insulating substrate 
with top and bottom surfaces is arranged parallel to the 
first insulating substrate at a predetermined distance 
from the same such that the bottom surface of the sec- 
ond insulating substrate faces the top surface of the first 
insulating substrate. A common electrode (23) is formed 
on the bottom surface of the second insulating sub- 
strate. The common electrode has a second opening 
pattern (220,210,230) at each pixel area, which corre- 
spond to each pixel area of the pixel electrode. A liquid 
crystal layer is sandwiched between the first and sec- 
ond substrates while contacting the pixel and common 
electrodes. The first and second opening patterns each 
have a plurality of openings, the openings of the first 
and second opening patterns being alternately 
arranged parallel to each other. 
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D scription 

BACKGROUND OF THE INVENTION 

5 (a) Field of the Invention 

[0001 J The present invention relates to a liquid crystal display and, more particularly, to a liquid crystal display in 
which a predetermined opening pattern is formed at pixel and common electrodes such that a wide viewing angle is 
obtained. 

10 

(b) Description of the Related Art 

[0002] Generally, liquid crystal displays have a structure in which liquid crystal material is sandwiched between two 
substrates, and an electric field is applied to the liquid crystal material to control the alignment of molecules of the liquid 

15 crystal material, ultimately controlling the transmittance of incident light In VA liquid crystal displays, the liquid crystal 
molecules are aligned normal to the substrates when an electric field is not applied. In case two polarizer films are 
arranged with their lines (a plurality of which is formed in parallel on each polarizer film) perpendicular to each other, 
the linearly polarized light passed through the first polarizer film is completely blocked by the second polarizer film in 
the absence of an electric field. As such a liquid crystal display exhibits a very low brightness in an "off state of the nor- 

20 mally black mode, a relatively higher contrast ratio than that of the conventional TN liquid crystal display can be 
obtained. 

[0003] However, the liquid crystal molecules are irregularly inclined with respect to the substrate in the presence of 
an electric field such that one or more areas develop where the direction of the long axis of some of the liquid crystal 
molecules conforms to the polarizing direction of the first or second polarizer film. In such areas, the liquid crystal mol- 
25 ecules cannot induce the rotation of the polarizing direction, i.e., polarization, and the light is completely blocked by the 
polarizer film. Such areas appear as black portions on the screen which cause a reduction in picture quality. These 
areas are referred to as areas of "texture". 

[0004] In order to solve the above problem, several electrode-patterning techniques have been suggested. How- 
ever, the problem of a slow response speed remains in the resulting LCD. 

30 [0005] Fig. 1 illustrates a schematic view of opening patterns formed at pixel and common electrodes in a prior art 
liquid crystal display. As shown in Fig. 1 , the pixel and common electrodes are formed with opening patterns 1 and 2, 
respectively. Each of the opening patterns 1 and 2 is formed in a V-shape and is arranged with ends of the V-shapes in 
proximity to one another so that roughly a diamond shape is formed by the opening patterns 1 and 2. Liquid crystal 
material is injected between the pixel and common electrodes, and liquid crystal molecules 3 are aligned perpendicular 

35 to the electrodes. 

[0006] When an electric field is applied to the liquid crystal material, the liquid crystal molecules 3 come to be 
arranged parallel to the electrodes. However, the response speed of the liquid crystal molecules 3 with respect to the 
applied electric field is very slow with the formation of the opening patterns 1 and 2 at the pixel and common electrodes. 
That is, as a result of a fringe field formed due to the opening patterns 1 and 2, the liquid crystal molecules 3 are first 
40 arranged perpendicular to the opening patterns 1 and 2 (A state), then aligned to be parallel thereto (B state) due to the 
inherent tendency of long axes of liquid crystal molecules to align themselves roughly parallel. Because of these two 
alignment steps, a slow response speed results. 

[0007] The slow response speed of liquid crystal molecules causes afterimages when displaying moving pictures 
on the screen. There is therefore a need to increase the response speed of liquid crystal molecules. 

45 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide a liquid crystal display which has an improved response 
speed and a wide viewing angle. 

so [0009] It is another object of the present invention to provide a liquid crystal display which produces improved pic- 
ture images. These and other objects may be achieved by a liquid crystal display having a first insulating substrate with 
top and bottom surfaces. A pixel electrode is formed on the top surface of the first insulating substrate. The pixel elec- 
trode has a first opening pattern at each pixel area. The pixel electrode with the first opening pattern is substantially rec- 
tangular in shape and having first and second long sides, and first and second short sides. The pixel electrode is divided 

55 into an upper region defined by the first and second long sides and the first short side, and a lower region defined by 
the first and second long sides and the second short side. A second insulating substrate with top and bottom surfaces 
is arranged parallel to the first insulating substrate at a predetermined distance from the same such that the bottom sur- 
face of the second insulating substrate faces the top surface of the first insulating substrate. A common electrode is 



3 



EP 1 091 238 A2 



formed on the bottom surface of the second insulating substrate. The common electrode has a second opening pattern 
at each pixel area, which correspond to each pixel area of the pixel electrode. A liquid crystal layer is sandwiched 
between the first and second substrates while contacting the pixel and common electrodes. 

The first and second opening patterns each have a plurality of openings, the openings of the first and second opening 

5 patterns being alternately arranged parallel to each other. 

[001 0] The first and second opening patterns each have a middle linear portion. The linear portions of the first and 
second opening patterns are alternately arranged parallel to each other. The first opening pattern includes a first open- 
ing formed in the upper region of the pixel electrode in a first direction. A second opening portion is formed in the lower 
region of the pixel electrode in a second direction normal to the first direction. The second opening pattern includes a 

10 first trunk opening formed in the upper region of the common electrode in the first direction, and a second trunk opening 
formed in the lower region of the common electrode in the second direction. The first direction is slanted at a predeter- 
mined angle with respect to the long or short sides of the pixel electrode. The second opening pattern further includes 
first branch openings overlapping the first and second short sides of the pixel electrode, and second branch openings 
overlapping the first and second long sides of the pixel electrode. The first opening pattern further includes a third open- 

m ing formed where the upper and lower regions of the pixel electrode meet while proceeding parallel to the first and sec- 
ond short sides of the pixel electrode. The second branch openings each have a width greater than that of the trunk 
opening portion. The first direction is parallel to one of the long and short sides of the pixel electrode. The first and sec- 
ond trunk openings each have opposite ends each with a gradually enlarged width. One of the second trunk openings 
overlaps the second short side of the pixel electrode. The first opening has opposite ends each with a gradually reduced 

20 width. 

[0011] The pixel and common electrodes are overlapped with each other such that the first and second opening 
patterns partition the pixel electrode into several micro-regions. The micro-regions of the pixel electrode are in the 
shape of polygons where the longest sides are parallel to each other. The micro-regions of the pixel electrode are clas- 
sified into a first type where the longest sides are arranged in a first direction, and a second type where the longest 
25 sides are arranged in a second direction normal to the first direction. The first direction is slanted at a predetermined 
angle with respect to the long or short sides of the pixel electrode. Alternatively, the first direction may be parallel to one 
of the long and short sides of the pixel electrode. 

[0012] The first and second opening patterns form fringe fields when voltage is applied between the pixel and com- 
mon electrodes. The orienting direction of the liquid crystal molecules due to the fringe fields corresponds to that of the 
30 liquid crystal molecules as a result of a force exerted by the molecules. It is preferable that the liquid crystal molecules 
are oriented in four directions. The opening width of the first and second opening patterns is preferably in the range of 
10-1 6 um. 

[0013] The pixel electrode may have protrusions at the sides adjacent to the ends of the first and second openings. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] A more complete appreciation of the invention, and many of the attendant advantages thereof, will be readily 
apparent as the same becomes better understood by reference to the following detailed description when considered 
in conjunction with the accompanying drawings in which like reference symbols indicate the same or the similar com- 
40 ponents, wherein: 

Fig. 1 is a schematic view of opening pattern units formed at common and pixel electrodes in a prior art liquid crys- 
tal display; 

Fig. 2 is a schematic cross sectional view of a liquid crystal display according to a preferred embodiment of the 
45 present invention; 

Fig. 3A is a schematic view of opening pattern units formed at common and pixel electrodes according to a first pre- 
ferred embodiment of the present invention; 

Fig. 3B is a schematic view of opening pattern units formed at common and pixel electrodes according to -a second 
preferred embodiment of the present invention; 
so Fig. 4A is a schematic view of an opening pattern of a pixel electrode according to a third preferred embodiment of 
the present invention; 

Fig. 4B is a schematic view of an opening pattern of a common electrode according to a third preferred embodiment 
of the present invention; 

Rg. 4C is a schematic view of the opening patterns of the pixel and common electrodes shown respectively in Figs. 
55 4A and 4B in an overlapped state; 

Fig. 5A is a schematic view of an opening pattern of a pixel electrode according to a fourth preferred embodiment 
of the present invention; 

Fig. 5B is a schematic view of an opening pattern of a common electrode according to a fourth preferred embodi- 
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ment of the present invention; 

Fig. 5C is a schematic view of the opening patterns of the pixel and common electrodes shown respectively in Figs. 
5A and 5B in an overlapped state; 

Fig. 6A is a schematic view of an opening pattern of a pixel electrode according to a fifth preferred embodiment of 
5 the present invention; 

Fig. 6B is a schematic view of an opening pattern of a common electrode according to a fifth preferred embodiment 
of the present invention; 

Fig. 6C is a schematic view of the opening patterns of the pixel and common electrodes shown respectively in Figs. 
6A and 6B in an overlapped state; 
io Fig. 7A is a schematic view of an opening pattern of a pixel electrode according to a sixth preferred embodiment of 
the present invention; 

Fig. 7B is a schematic view of an opening pattern of a common electrode according to a sixth preferred embodi- 
ment of the present invention; 

Fig. 7C is a schematic view of the opening patterns of the pixel and common electrodes shown respectively in Figs. 
is 7A and 7B in an overlapped state; 

Fig. 8A is a schematic view of an opening pattern of a pixel electrode according to a seventh preferred embodiment 
of the present invention; 

Rg. 8B is a schematic view of an opening pattern of a common electrode according to a seventh preferred embod- 
iment of the present invention; ; 
20 Fig. 8C is a schematic view of the opening patterns of the pixel and common electrodes shown respectively in Figs. 
8A and 8B in an overlapped state; 

Fig. 9A is a schematic view of an opening pattern of a pixel electrode according to an eighth preferred embodiment 
of the present invention; 

Fig. 9B is a schematic view of an opening pattern of a common electrode according to an eighth preferred embod- 
25 iment of the present invention; ; 

Fig. 9C is a schematic view of the opening patterns of the pixel and common electrodes shown respectively in Figs. 
9A and 9B in an overlapped state, 

Fig. 1 0A is a schematic view of an opening pattern of a pixel electrode according to a ninth preferred embodiment 
of the present invention; 

30 Fig. 1 0B is a schematic view of an opening pattern of a common electrode according to a ninth preferred embodi- 
ment of the present invention; 

Fig. 1 0C is a schematic view of the opening patterns of the pixel and common electrodes shown respectively in 
Figs. 10A and 10B in an overlapped state; 

Fig, 1 1 are schematic views of various types of opening patterns for demonstrating the affect of opening pattern 
35 width and spacing on response speed and brightness; Fig. 12A is a graph illustrating light transmissivity levels of 
test cells applying the opening patterns shown in Fig. 1 1 ; 

Fig. 12B is a graph comparing the light transmissivity level of a test cell applying a specific opening pattern shown 
in Rg. 1 1 to the light transmissivity levels of test cells applying the other opening patterns shown in Rg. 11 ; 
Fig. 13 is a graph illustrating response times as a function of gray scale of test cells applying the opening patterns 
40 shown in Fig. 1 1 ; 

Fig. 14 is a graph illustrating response times as a function of gray scale of actual panels applying specific opening 
patterns shown in Rg. 1 1 ; 

Figs. 15A to 15C are photographs of specific opening patterns shown in Fig. 1 1 at white gray scales; 
Figs. 1 6A and 1 6B are photographs of specific opening patterns shown in Fig. 1 1 used to illustrate a change in par- 
45 titioned regions according to a level of an applied voltage; Figs. 1 7A and 1 7B are schematic views used to illustrate 
the change in intensity of a fringe field according to variations in opening pattern width; 

Figs. 18A to 18D are schematic views illustrating orientation states of liquid crystal molecules at a peripheral por- 
tion of opening patterns; 

Figs. 19 and 20 are schematic views of areas where texture occurs in specific opening patterns shown in Fig. 1 1 ; 
so and Figs. 21 A to 21 C are schematic views of opening patterns where texture improvement techniques have been 
applied. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 [0015] Preferred embodiments of this invention will be explained with reference to the accompanying drawings. 
[0016] Fig. 2 is a schematic cross sectional view of a liquid crystal display according to a preferred embodiment of 
the present invention. As shown in Fig. 2, the liquid crystal display includes lower and upper substrates 10 and 20 
arranged substantially in parallel with a predetermined gap therebetween. Liquid crystal material is injected between 
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corners of the pixel electrode 1 2 in a symmetrical manner. 

r00231 Rg 4B shows a schematic view of an opening pattern of the common electrode 23 according to a thud pre- 
ened embodiment of the present invention. As shown in Fig. 48, the opening pattern of the commor » <^e 23 
includes middle, upper and lower openings 21 0, 220 and 230 spaced apart from each at predetermin ^"cesjhe 
middle opening 210 includes a trunk 21 1 positioned where the upper and lower reg.ons o the common^ electrode ^23 
meVt and proceeding from the second long side a predetermined distance toward the first long side. Rrst and second 
baches 212 and 214 are extended at a predetermined angle from the trunk 21 1 toward the fust long sufe and first 
a'dsL^ 

respectively, toward the first and second short sides, respectively. The upper open.ng 220, winch « formed .n ttie upper 
S>n of the common electrode 23, includes a first body 221 that is formed extended from the second long s.de^ 
Sort side ^predetermined dU^nce^^ 

222 extends from an end of the first body 221 along the first short side and until reaching me first long s,de, and a fin^ 

Ser lb 223 extends from an oppose end of the first body 221 along the second long s.de toward the second short 

s^eTheloweropening230includesasecondbooV231,asecondlowerlimb232,^ 

lower opening 230 is arranged in the lower region and is symmetrical to the upper open.ng 220. 

r00241 Fig 4C shows a schematic view of the opening patterns of the pixel and common electrodes 12 and 23 

show n respect in Figs. 4A and 4B in an overlapped state. As shown in Rg. 4C, the opening patterns of *e _p«el 

and common electrodes 12 and 23 divide the pixel electrode 12 into several regions. The opemngs 121 122 and 123 

of me^xel e.ectrode 12 and the openings 210. 220 and 230 of the common electrode 23 are <£^™"£ 

except where the trunk 21 1 of the middle opening 210 of the common electrode partially overlaps the middle open.ng 

Sis' pTe^embodiment, the lower and upper polarizer films 14 and 24 are arranged such that their 
Polarizing directions are respectively 0° and 90° (or vice versa) with respect to the first and second short sides ^ the 
Sxel eleLde 1 2. With such an arrangement, when the liquid crystal molecules 30 are rearranged unde *e joba- 
tion of an electric field they are prevented from orienting in the polarizing direct™ of the polanzer films 14 and 24 so 
thai t prS o texture does not occur. Furthermore, as the liquid crystal molecules 30 are fully onented ,n parallel 

S£T "'In adLT^ening porfions of the pixel and common e.ectrodes 1 2 and 23 are arranged genera^ in 
L directions normal to each other. Since the opening portions of the p«el and ccrnmon electrodes 12 and 23 ar^ 
^arranged, the fringe field is applied in four directions at one pixel area. Therefore, w.de v.ew.ng angles can be 
chained in all djection. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ g ^ 

ferred embodiment of the present invention. As shown in Rg. 5A, the opening pattern of the pixel electrode 12 is a V- 

the ^ 

trodeT 2 Thatfe, an upperhalf131 of theopening 130 extends at a predetermined angle from I^^*.^™* 
30 toward the first long side of the pixel electrode 12 such that the upper haff 131 • posted who,* , ^ the upper 
egion of the pixel electrode 12, and a lower half 132 of the opening 130 extends at a predeterm.ned angle from the 
vertex of the opening 130 toward the first long side of the pbcel electrode 12 such that the lower htf 132 pos ,oned 
Lily in the tower region of the pixel electrode 12. Further, the second and third corners o the p«el electrode 12 ^are 
cut away to form a curved shape. Rg. 5B shows a schematic view of an opening pattern of the common electrode 23 
SoSg to a fourth preferred embodiment of the present invention. As shown in Fig. 5B, 

common electrode 23 includes a right opening 240 and a left opening 250. The nght open.ng 240 '"eludes a ba* e 241 
formed along and extending past the first long side of the common etectrode 23, and which tapers from a m.ddU > portion 
aiong the firl long side toward the first and second short sides. The ^^-^^^^'J^; 
projection 242 extending a predetermined distance from the base 241 toward the second ^^^J^J" £ 
same direction. A portion of the projection 242 adjacent to the base 241 B formed at a ^™ m *^ ^™ 
ooenino 250 includes a body 251 formed along the second long side of the common electrode 23, an upper limb 252 

mon electrode 23 and a lower limb 253 extended at a predetermined angle from the other end of the body 251 1 toward 
rctSuTng past the fourth corner of the common electrode 23. Centers of both the right and left opemngs 240 and 
250 are positioned where the upper and lower regions of the common electrode 23 meet. 

[0028] Rg. 5C shows a schematic view of the opening patterns of the p.xel and common electrodes 12 and 23 
; shown respectively in Figs. 5A and 5B in an overlapped state. As shown in Fig. 5C, the open.ng patterns o the p xel 
an'on^on e.Jrodes 1 2 and 23 drvide the pixe. e.ectrode 1 2 into severa. regions. The V-shaped opening 1 30 of fine 
pixel electrode 12 is placed between the right and left openings 240 and 250 of the common electrode 23^ upper 
and lower parts 131 and 132 of the V-shaped opening 130 proceed in parallel to the lowerand upper hmbs 252 and 253 
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opening port.cn 240. An end of thepm^on z« °^ na P descrjbed | 0W er and upper 

;:s™nd^ 

M ^Ashowsaschemat*^ 

embodiment of the present invention. As shown ,n F,g 6A *e open ng ^ «Xtep*e 
upper opening 141 formed in J-PPer reg^n of ^^^^J^S^Sn^ that u, first to third 
region of the pixel electrode, If the p.xel electrode 12 is dwided .rtotnre q idethesecondshort 

areas, wrth the first area having as itsone side the ^f^ a ^^^^^^ wtepui ^^ 
side, and the second area being fonned between the firs J^J^SS^ third P are as meet. The 
the first and second areas meet, and the lower ^^JfJ^^^^^ electrod e 1 2 in the horizontal 

view of an opening pattern of the common ,elec*ode ^3 ^^de ^ zigzag-shaped opening 260. The zigzag- 
tion. As shown in Rg. 6B, the opening pattern of the common electrode ig* g ^ ^ ^ g 

shaped opening 260 includes an upper part 261 proceeding from the first comer of ™<™™ d 
determinedsianttoward and meetingthe second ion^ 

a predetermined slant from an end of the upper part 261 ^ J™^^^^ slantfr om an end 

ing the first long side of the common eiectrode 23, ^ of the common 

of the midd.e part 262 ^^^^^^ that is, first to third areas, with the 

30 areas meet. „** Qrr .o r.f th*» ni*Pl and common electrodes 12 and 23 

riddte part. 26, ana 262 ot the opening 260 el the comrnon e ^^™"r,^"^ ale «SL»p« 
the pixel electrode 12 adjacent to the first long side. invention as described above, the 

includes an upper opening 151 formed g^^'^^™^^ 80COfl<J 8 hort .Ides In the lower region of the pb»l 

trode 12, and a lower opening 152 also formed parallel to tne nrsi ana se ^ 

W. «k>ng .he length ol the common elected. 23J, center ^^^^"Sfix. 5Ba p«, 
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and its other line extends from the first long side to the third comer of the common electrode 23. 
[0032] Fig. 7C shows a schematic view of the opening patterns of the pixel and common electrodes 12 and 23 
shown respectively in Figs. 7 A and 7B in an overlapped state. As shown in Fig. 7C, the opening patterns of the pixel 
and common electrodes 12 and 23 are alternately arranged, and divide the pixel electrode 12 into several regions. 

5 [0033] With the configuration of the sixth preferred embodiment of the present invention as described above, the 
lower and upper polarizer films 14 and 24 are arranged such that their polarizing directions are respectively 45° and 
135° (or vice versa) with respect to the first and second short sides of the pixel electrode 12. Fig. 8A shows a schematic 
view of an opening pattern of the pixel electrode 12 according to a seventh preferred embodiment of the present inven- 
tion. As shown in Fig. 8A, the opening pattern of the pixel electrode 12 includes an upper opening 160 formed in the 

10 upper region of the pixel electrode 1 2, and a lower opening 1 70 formed in the lower region of the pixel electrode 1 2. The 
upper opening 1 60 is T-shaped. That is, the upper opening 1 60 has a base 1 61 (the top of the T") formed at a prede- 
termined distance from where the upper and lower regions of the pixel electrode 1 2 meet, the base 1 61 extending from 
approximately the first long side to the second long side of the pixel electrode 12. The upper opening 160 also has a 
protrusion 1 62 extending substantially from a center of the base 1 61 in a direction toward the first short side of the pixel 

is electrode 12, thereby bisecting the upper region of the pixel electrode 12 into left and right sub-areas. The lower open- 
ing 1 70 is formed parallel to the base 1 61 of the upper opening 1 60 and extends across the pixel electrode 1 2 approx- 
imately and at predetermined distances from the first long side to the second long side of the pixel electrode 12 such 
that the lower opening 170 bisects the lower region of the pixel electrode 12 into upper and lower sub-areas. Fig. 8B 
shows a schematic view of an opening pattern of the common electrode 23 according to a seventh preferred embodi- 

20 ment of the present invention. As shown in Fig. 8B, the opening pattern of the common electrode 23 includes two upper 
openings 310 and 320, a middle opening 330, and a lower opening 340. The two upper openings 310 and 320 are 
spaced apart from each other at a predetermined distance in the upper region of the common electrode 23, and are 
parallel to each other and to the first and second long sides of the common electrode 23. The middle and lower open- 
ings 330 and 340 are spaced apart from each other at a predetermined distance in the lower region of the common 

25 electrode 23, and are parallel to each other and to the first and second short sides of the common electrode 23. Both 
end portions of the middle and lower openings 330 and 340 are enlarged in roughly a triangular shape, and the triangle- 
shaped end portions of the middle and lower opening portions 330 and 340 proceed over the first and second long 
sides of the common electrode 23. 

[0034] Fig. 8C shows a schematic view of the opening patterns of the pixel and common electrodes 12 and 23 

30 shown respectively in Figs. 8A and 8B in an overlapped state. As shown in Fig. 8C, the opening patterns of the pixel 
and common electrodes 1 2 and 23 divide the pixel electrode 1 2 into several regions. That is, ends of the upper opening 
portions 31 0 and 320 of the common electrode 23 farthest from the first short side of the common electrode 23 overlap 
the base 161 of the T-shaped opening 160 of the pixel electrode 12. Accordingly, the upper openings 310 and 320 of 
the common electrode 23, and the protrusion 162 of the T-shaped opening 160 of the pixel electrode 12 divide an area 

35 of the pixel electrode 12 defined by the base 161 of the T-shaped opening 160, the first and second long sides of the 
pixel electrode 12, and the first short side of the pixel electrode 12 into four sub-areas. The middle and lower openings 
330 and 340 of the common electrode 23, and the lower opening 1 70 of the pixel electrode 1 2 divide an area of the pixel 
electrode 12 defined by the base 1 61 of the T-shaped opening 1 60, the first and second long sides of the pixel electrode 
12, and the second short side of the pixel electrode 12 into four sub-areas. 

40 [0035] With the configuration of the seventh preferred embodiment of the present invention as described above, the 
lower and upper polarizer films 14 and 24 are arranged such that their polarizing directions are the same as in the sixth 
preferred embodiment. Accordingly, the orienting direction of the liquid crystal molecules 30 becomes 45° with respect 
to the polarizing direction of the polarizer films 14 and 24 so that the response speed is rapid and the occurrence of 
texture is decreased, resulting in enhanced picture quality. The opening portions of the pixel and common electrodes 

45 12 and 23 proceed generally in two directions normal to each other. Furthermore, as the opening portions of the pixel 
and common electrodes 12 and 23 are alternately arranged, the fringe field in one pixel area is applied in all directions. 
Fig. 9A shows a schematic view of an opening pattern of the pixel electrode 1 2 according to an eighth preferred embod- 
iment of the present invention. As shown in Fig. 9A, the opening pattern of the pixel electrode 12 is a single linear open- 
ing 1 80 parallel to the first and second short sides of the pixel electrode 1 2. If the pixel electrode 1 2 is divided into three 

so areas of equal length, that is, first to third areas, with the first area having as its one side the first short side, the third 
area having as its one side the second short side, and the second area being formed between the first and third areas, 
the linear opening 180 is positioned where the second and third areas meet. 

[0036] Fig. 9B shows a schematic view of an opening pattern of the common electrode 23 according to an eighth 
preferred embodiment of the present invention. As shown in Fig. 9B, the opening pattern of the common electrode 23 
55 includes an upper opening 350 formed in the upper region of the common electrode 23 and a lower opening 360 formed 
in the lower region of the common electrode. The upper opening 350 includes a base 351, a trunk 352, and two 
branches 353 and 354. The base 351 of the upper opening 350 is formed roughly in a triangular shape and positioned 
extending over and past the first short side of the common electrode 23. The trunk 352 is linearly extended from an apex 
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W and tB h n overlapped st^. As shown ,n Re, 9C »* b ^^^j~ 3^ „ i uw ., opting 

mon electrode 23 rouQhly divide the pixel electrode 2 Mo oppe„ r^^^-Lr, one s"bH.»» hev- 
350olWco™™.leclro,<e»b'.^tl«^ 

t^^tst 1 ™.?. r™^^rhh d r^^- 

,003a, ^^9-^^^ 

portions sequentially interconnected in the longitudinal ^ ^ t0 a ni nth 

s^drrro^^rir^rr^^p.-^^-^ 

surrounding one of the diamond-shaped openings 370 electrode 23 shown respectively 

[0041] Fig-^showsaschematicv^^^^^ 

in Figs. 10A and 10B in an overlapped state. As shown in F.g 10C * e |2ftwte 12. Also, the left and 
« electrode 23 placed at the center of the "^P 0 "*"^ a predetermined dfetance. 

right openings 380 and 390 of the common electrode 23 ^surroun the MP «el JWm*^ P above> ^ 

[0042, ^htnecon^^ 

lower and upper polarizer films 14 and 24 are arrangea sucn in ' H » 3 according t0 the third to 

preferred embodiment The opening ^^^ZZ^!^ ^^ — S ' the C ° ndi " 

[oS °' First, in order to obtain a maximum viewing angle, it is preferable that four partitioned regions for orienting 
the liquid crystal molecules 30 are present within one P"*' a ^ . shou|d not be generate d outside of 

the -J^T-SS ^SUt le .™ o, do*ed po^ons. Fodhennore. since d«nc,*a- 

common electrodes 12 and are prererauiy *u preferable that the opening 

fen is prone to occur when the opening patterns ^^^SS^SS^ Hquid crystal molecules ateo 
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35 



ing pattern width and spacing on response speed and brightness In iMnm 9 P « K d ^ so||d lines . 
elec trodea re indeed hydiagona,^ 

[0048] As shown .n Pg. 1 1 .the B/ C and ID ^ ^ patterns djffer in 

^^^^^^^^^^^ 

opening spacing of each opening pattern are listed m , Tat le 1 .Fig. 1ZA ■ 9 p ^ ,. ht ^s^ity level 

oftestceibapWngtheA^ 

of atestcell applying the B open.ng pattern to the G B open jng pattern is the 

ing patterns. As shown in the graphs, the light ^f^^^^ to iowi according to 

highest, exceeding 13%. If the light transmsswrty levels oTTfZ U Fig. 13 b a graph illustrating 
which opening pattern is used the fo,low,ng rankmg f'J^^j ^ng paSerns. AlthVgh onfy sixty- 

response times as a function, - WJ*^^ peSrmedwrth o'ne hundred and ten (1 10) gray 

nine (69) gray scales are used .n actual W^™£ e .°^^*te B, C. D, and J opening patterns were rela- 

b change in the response time of the panel applying ine o op uh the response waveform is dis- 
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valid. 

[0056] Wrth the use 60 gray scales or more, the response speed slows considerably due to the occurrence of tex- 
ture. In conclusion, the panel applying the D opening pattern, which has the greatest width, exhibits the most stable 
characteristics. Figs. 1 5A to 1 5C are photographs of the C, B and D opening patterns, respectively, at white gray scales, 
s As seen from the photographs, the C opening pattern with poor texture stability displays the lowest level of brightness, 
with the B and D opening patterns exhibiting similarly higher levels of brightness. The D opening pattern exhibits a low 
opening ratio due to its significant width, but displays good texture stability such that panels applying this opening pat- 
tern have a high brightness. Texture stability is determined by the intensity of the fringe field and the width of the open- 
ing pattern. 

10 [0057] The boundary areas between adjacent partitioned regions in the C, B and D opening patterns are formed 
differently. That is, two clearly distinguishable textures are present in most of the boundary areas of the C opening pat- 
tern, and with the B opening pattern, the boundary areas are again distinguishable but not as clearly as with the C 
opening pattern. The boundary areas of the D opening pattern, on the other hand, are not clearly formed and are faint 
in many portions. 

15 [0058] Figs. 1 6A and 1 6B are photographs of the C and D opening patterns applied to test cells in which a change 
in the partitioned regions according to a level of an applied voltage is shown. 

[0059] In the C opening pattern, two clearly distinguishable textures are present in the boundary areas when the 
applied voltage reaches 3.5V, and becomes clearer with further increases in the applied voltage. However, in the D 
opening pattern, the boundary areas are somewhat clearly distinguishable only when the applied voltage reaches 5V. 
20 Such distinguishable boundary areas are a result of the non-uniform orientation of the liquid crystal molecules. To better 
describe such a phenomenon, the intensity of the fringe field as a function of the widths of the opening patterns will be 
examined. 

[0060] Figs. 1 7A and 1 7B are schematic views used to illustrate the change in intensity of a fringe field according 
to variations in opening pattern width. 

25 [0061 ] As the width of the opening pattern becomes larger, the horizontal component of the fringe field experiences 
corresponding increases. The horizontal component of the fringe field plays an important role in determining the orient- 
ing direction of liquid crystal molecules. Therefore, opening patterns with a large width are preferred in forming parti- 
tioned regions. In contrast, the larger the width of the opening pattern the weaker the intensity of the vertical component 
of the electric field working at the center of the opening pattern. 

30 [0062] Figs. 1 8A to 1 8D are schematic views illustrating orienting states of liquid crystal molecules at a peripheral 
portion of the opening patterns. When the width of the opening pattern is relatively small, the liquid crystal molecules 
are horizontally oriented to some degree even at the center area of the opening pattern. That is, they are slightly 
inclined when the applied voltage is low, but completely oriented in the horizontal direction when the applied voltage is 
high. This is due to the vertical component of the electric field being strong even at the center area of the opening pat- 

35 tern. As a resu% the leakage of light occurs and the boundary area between the partitioned regions is formed by two 
separate lines. Furthermore, in case the orienting direction of the liquid crystal molecules is changed by 180°, elasticity 
becomes greater due to the small width of the opening pattern. In contrast, as the horizontal component of the fringe 
field is weak, the fringe field is not strong enough to overcome the elasticity, thereby resulting in the orienting direction 
of the liquid crystal molecules at the boundary areas becoming non-uniform between the partitioned regions. Such a 

40 non-uniform orientation of the liquid crystal molecules occurs even in micro regions of the pixel. 

[0063] When the width of the opening pattern is relatively large, the long axes of the liquid crystal molecules are 
perpendicular to the electrodes at the center area of the opening pattern. As the applied voltage is increased, the liquid 
crystal molecules are slightly inclined, but the degree of inclination is less than when the opening pattern has a small 
width. Therefore, only a minimal amount of light leakage occurs and the boundary area between adjacent partitioned 

45 regions is shaped with a dark line. 

[0064] As described previously, the greater the width of the opening pattern the more rapid the response speed , 
and as stated above, a greater width of the opening pattern leads to more uniform micro regions of the pixel. When the 
width of the opening pattern is great, although the opening ratio is low, the orientation of the liquid crystal molecules is 
uniform such that a satisfactory degree of brightness is obtained. According to the above experimental results, it is pref- 

50 erable that the opening width of the opening pattern is in the range of 1 3± 3 pjn, and the cell gap is in the range of about 
4-6 um. 

[0065] The affect of opening spacing on the optical characteristics of the opening patterns will now be described. 
The I and J opening patterns have the same total widths but effectively different spacings. According to the experimen- 
tal results with respect to the test cells, the optical characteristics of the I and J opening patterns are significantly differ- 
55 ent. However, when actual panels apply these opening patterns, the resulting optical characteristics of the I and J 
opening patterns do not vary by such a degree. It is viewed that this is a result of the such factors as the difference in 
the type of alignment layer used, whether a protective insulating layer is used, the difference in the waveforms of the 
applied voltage, etc. However, when the speeds of moving picture images are compared in the actual panels, they are 
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more rapid with the J opening pattern than with the I opening pattern. This can be easily demonstrated by observing 
the motion of a dark rectangle on a gray background. The only difference in response speed occurs by variations in the 
gray scales. 

[0066] As with the opening width of the opening pattern, when the spacing between the opening portions of the 
5 opening pattern becomes smaller, the opening ratio is significantly reduced but the brightness does not undergo much 
change. This is due to texture. That is, when the distance between the opening portions is increased, the control of tex- 
ture becomes difficult, whereas such control is easily performed when the opening spacing is small. Therefore, when 
the distance between the opening portions is small, the opening ratio is reduced but the control of texture is easy, 
thereby enabling the compensation of brightness. The exception is with the I opening pattern in which even though the 
10 distance between the opening portions is large, a high brightness results because texture control is easily performed. 
In brief, a smaller distance between the opening portions results in an improvement of the response speed at various 
gray scales. Even though the brightness is prone to deteriorate due to the decrease in the opening ratio, this can be 
compensated for to some degree by controlling texture. 

[0067] There exists a direct correlation between texture and response speed. Moving texture reduces response 
15 speed. When a high voltage is applied, the response speed is reduced in most of the opening patterns. This is due to 
the generation of texture. Therefore, if texture can be suitably controlled, picture quality as well as response speed can 
be improved. Techniques of inhibiting the occurrence of texture will now be described. 

[0068] Figs. 1 9 and 20 show schematic views of portions where texture occurs in the B and J opening patterns, 
respectively. The opening pattern shown in Fig. 19 is nearly identical to that shown in Rg. 4C. However, in the opening 
20 pattern of Rg. 1 9, second and third openings 122 and 123 of the pixel electrode 12 begin from the first long side of the 
pixel electrode 12 and extend toward the second long side of the pixel electrode 12 nearly reaching the same, whereas 
in the opening pattern of Rg. 4C, the second and third openings 122 and 123 are structured in the opposite manner. 
Furthermore, portions of the second long side of the pixel electrode 12 adjacent to ends of the second and third open- 
ings 122 and 123 of the opening pattern of Fig. 19 are protruded externally to prevent the interconnection of the parti- 
es tioned regions of the pixel electrode 12 from deteriorating due to the opening portions 122 and 123. 

[0069] Portions where texture occurs mainly correspond to areas where ends of the opening portions of the com- 
mon electrode 23 and ends of the opening portions of the pixel electrode 12 meet. When the upper and lower sub- 
strates are appropriately arranged, the occurrence of texture is low, whereas when the substrates are inappropriately 
arranged, half moon-shaped textures, which do not cause the generation of white afterimages, occur. In order to inhibit 
30 such texture occurrence, the width of the ends of the opening portions of the common electrode 23 may be enlarged. 
Through such enlargement, the allowable range of error in arrangement can be increased. The opening pattern shown 
in Fig. 20 is similar to that shown in Rg. 8C, but differs in the number of openings extending across the pixel electrode 
from the first long side to the second long side. Furthermore, the openings of the pixel electrode 12 are such that they 
are open where they begin at the first long side of the pixel electrode 12 and extend across toward, but not reaching, 
35 the second long side of the pixel electrode 12. Portions of the second long side of the pixel electrode 12 adjacent to 
ends of these openings are protruded externally. 

[0070] The occurrence of texture is concentrated at areas "a" corresponding to ends of openings of the common 
electrode 23 proceeding across from the first long side to the second long side of the common electrode 23. Further- 
more, texture occurs also along the second short side of the pixel electrode 12, or area "b", which is deformed outwardly 

40 to enable a connection with the source electrode, as well as at area m c m at an end of an opening of the pixel electrode 1 2. 
[0071 ] Such texture can be inhibited in the following way. In the case of area, a, a width of the ends of the openings 
of the common electrode 23 are increased. In the case of area b, the openings of the common electrode 23 are struc- 
tured to overlap part of area b. For this purpose, it is necessary to control the width and spacing of the opening portions. 
When the spacing is decreased, the opening ratio is reduced but the response speed is enhanced. In the case of area 

45 c, the end of the opening of the pixel electrode 1 2 extended from the first short side is formed having sharp edges. 
[0072] Rgs. 21 A to 21 C illustrate opening patterns where the above-described texture improving techniques have 
been applied. 

[0073] In the above description, a structure in which the opening patterns are formed at both the pixel and common 
electrodes 12 and 23 is disclosed. However, it is also possible to form the opening patterns, together with the protru- 
50 sions, only at the pixel electrode 1 2. In this case, the protrusions are formed using a gate insulating layer or a protective 
layer. In the formation of the protrusions, care should be taken to avoid the formation of parasitic capacitance between 
electrical lines. The openings and the protrusions can be arranged as illustrated in Fig. 21 . 

[0074] Alternatively, the opening patterns may be formed only in the pixel electrode 1 2 while forming the protrusions 
in the common electrode 23. In this case, the openings and the protrusions can be arranged also as illustrated in Rg. 
55 21. 

[0075] As described above, the inventive liquid crystal display obtains a wide viewing angle, and exhibits stable ori- 
entation of the liquid crystal molecules and a rapid response speed. 

[0076] While the present invention has been described in detail with reference to the preferred embodiments, those 
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skilled in the art will appreciate that various modifications and substitutions can be made thereto without departing from 
the spirit and scope of the present invention as set forth in the appended claims. 

[0077] Where technical features mentioned in any claim are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing the intelligibility of the claims and accordingly, such reference 
signs do not have any limiting effect on the scope of each element identified by way of example by such reference signs. 
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Claims 

1 . A liquid crystal display comprising: 

a first insulating substrate having top and bottom surfaces; 

a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode having a first 
opening pattern at each pixel area, the pixel electrode with the first opening pattern being substantially rectan- 
gular in shape in each pixel area and having (a) first and second long sides, (b) first and second short sides, 
(c) an upper region corresponding to roughly half of the pixel electrode defined by the first and second long 
sides and the first short side, and (d) a lower region corresponding to roughly half of the pixel electrode defined 
by the first and second longs sides and the second short side; 

a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 
parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 
of the second insulating substrate faces the top surface of the first insulating substrate; 
a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 
having a second opening pattern at each pixel area, the common electrode with the second opening pattern 
being substantially rectangular in shape in each pixel area and having (a) first and second long sides, (b) first 
and second short sides, (c) an upper region corresponding to roughly half of the common electrode defined by 
the first and second long sides and the first short side, and (d) a lower region corresponding to roughly half of 
the pixel electrode defined by the first and second longs sides and the second short side; and 
a liquid crystal layer sandwiched between the first and second substrates white contacting the pixel and com- 
mon electrodes, 

wherein the first and second opening patterns each have a middle linear portion, the linear portions being alter- 
nately arranged parallel to each other. 

2. The liquid crystal display of claim 1 wherein the first opening pattern comprises a first opening formed in the upper 
region of the pixel electrode in a first direction and a second opening formed in the lower region of the pixel elec- 
trode in a second direction normal to the first direction, and the second opening pattern comprises a first trunk 
opening formed in the upper region of the common electrode in the first direction and a second trunk opening 
formed in the tower region of the common electrode in the second direction. 

3. The liquid crystal display of claim 2 wherein the first direction is at a slant with respect to the long or short sides of 
the pixel electrode. 

4. The liquid crystal display of claim 3 wherein the second opening pattern further comprises first branch openings 
overlapping the first and second short sides of the pixel electrode and second branch openings overlapping the first 
and second long sides of the pixel electrode, and the first opening pattern further comprises a third opening formed 
where the upper and lower regions of the pixel electrode meet while proceeding parallel to the first and second 
short sides of the pixel electrode, the first and second opening patterns partitioning the pixel electrode into a plu- 
rality of micro-regions each shaped as a closed polygon. 

5. The liquid crystal display of claim 4 wherein the second branch openings each has a width greater than a width of 
the trunk opening portion. 

6. The liquid crystal display of claim 2 wherein the first direction is parallel to one of the long and short sides of the 
pixel electrode. 

7. The liquid crystal display of claim 6 wherein the first and second trunk openings each has opposite ends, each end 
having a gradually enlarged width. 

8. The liquid crystal display of claim 6 wherein one of the second trunk opening portions overlaps the second short 
side of the pixel electrode. 

9. The liquid crystal display of claim 6 wherein the first opening portion has opposite ends, each end having a gradu- 
ally reduced width. 

10. The liquid crystal display of claim 2 further comprising a first polarizer film formed on the bottom surface of the first 
substrate, and a second polarizer film formed on the top surface of the second substrate, the first and second polar- 
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izer films being polarized by 45° with respect to the first and second directions, respectively. 

11. The liquid crystal display of claim 2 wherein the pixel electrode has protrusions at portions adjacent to the ends of 
the first and second openings. 

5 

12. The liquid crystal display of claim 1 wherein the opening width of the first and second opening patterns is in the 
range of 10-1 6 urn 

13. A liquid crystal display comprising: 

10 

a first insulating substrate having top and bottom surfaces; 

a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode having a first 
opening pattern at each pixel area, the pixel electrode with the first opening pattern being substantially rectan- 
gular in shape in each pixel area and having (a) first and second long sides, (b) first and second short side, (c) 
15 an upper region corresponding to roughly half of the pixel electrode defined by the first and second long sides 

and the first short side, and (d) a lower region corresponding to roughly half of the pixel electrode defined by 
the first and second long sides and the second short side; 

a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 
parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 

20 of the second insulating substrate faces the top surface of the first insulating substrate; 

a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 
having a second opening pattern at each pixel area, the common electrode with the second opening pattern 
being substantially rectangular in shape in each pixel area and having (a) first and second long sides, (b) first 
and second short sides, (c) an upper region corresponding to roughly half of the common electrode defined by 

25 the first and second long sides and the first short side, and (d) a lower region corresponding to roughly half of 

the pixel electrode defined by the first and second longs sides and the second short side; and 
a liquid crystal layer sandwiched between the first and second substrates while contacting the pixel and com- 
mon electrodes, 

wherein the first and second opening patterns are overlap each other to thereby partition the pixel electrode 
30 into a plurality of micro-regions, each micro-region being polygonal in shape with two longest sides proceeding 

parallel to each other. 

14. The liquid crystal display of claim 13 wherein the micro-regions of the pixel electrode are classified into a first type 
where the longest sides are arranged in a first direction, and a second type where the longest sides are arranged 

35 in a second direction normal to the first direction. 

15. The liquid crystal display of claim 14 wherein the first direction is at a slant with respect to the long or short sides 
of the pixel electrode. 

40 16. The liquid crystal display of claim 14 wherein the first direction is parallel to one of the long and short sides of the 
pixel electrode. 

17. The liquid crystal display of claim 13 wherein the opening width of the first and second opening patterns is in the 
range of 10-16 ujti. 

45 

18. A liquid crystal display comprising: 

a first insulating substrate having top and bottom surfaces; 

a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode having a first 
so opening pattern at each pixel area, the pixel electrode with the first opening pattern being substantially rectan- 

gular in shape in each pixel area and having (a) first and second long sides, (b) first and second short sides, 
(c) an upper region corresponding to roughly half of the pixel electrode defined by the first and second long 
sides and the first short side, and (d) a lower region corresponding to roughly rtatf of the pixel electrode defined 
by the first and second long sides and the second short side; 
55 a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 

parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 
of the second insulating substrate faces the top surface of the first insulating substrate; 
a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 
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having a second opening pattern at each pixel area, the common electrode with the second opening pattern 
being substantially rectangular in shape in each pixel area and having (a) first and second long sides, (b) first 
and second short sides, (c) an upper region corresponding to roughly half of the common electrode defined by 
the first and second long sides and the first short side, and (d) a lower region corresponding to roughly half of 
5 the pixel electrode defined by the first and second longs sides and the second short side; and 

a liquid crystal layer sandwiched between the first and second substrates while contacting the pixel and com- 
mon electrodes, 

wherein the first and second opening patterns generate fringe fields when voltage is applied between the pixel 
and common electrodes, the orienting direction of the liquid crystal molecules due to the fringe fields corre- 
io sponding to the orienting direction of the liquid crystal molecules resulting from a force exerted by molecules. 

19. The liquid crystal display of claim 18 wherein the orientation of the liquid crystal molecules due to the fringe fields 
occurs in four directions. 

75 20. The liquid crystal display of claim 18 wherein the opening width of the first and second opening patterns is in the 
range of 10-1 6 u,m. 

21. A liquid crystal display comprising: 

20 a first insulating substrate having top and bottom surfaces; 

a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode having a first 
opening pattern at each pixel area, the pixel electrode with the first opening pattern being substantially rectan- 
gular in shape in each pixel area and having (a) first and second long sides, (b) first and second short sides, 
(c) an upper region corresponding to roughly half of the pixel electrode defined by the first and second long 

25 sides and the first short side, and (d) a lower region corresponding to roughly half of the pixel electrode defined 

by the first and second long sides and the second short side; 

a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 
parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 
of the second insulating substrate faces the top surface of the first insulating substrate; 

30 a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 

having a second opening pattern at each pixel area, the common electrode with the second opening pattern 
being substantially rectangular in shape in each pixel area and having (a) first and second long sides, (b) first 
and second short sides, (c) an upper region corresponding to roughly half of the common electrode defined by 
the first and second long sides and the first short side, and (d) a lower region corresponding to roughly half of 

35 the pixel electrode defined by the first and second longs sides and the second short side; and a liquid crystal 

layer sandwiched between the first and second substrates while contacting the pixel and common electrodes, 
wherein the first opening pattern comprises a first opening proceeding from the first long side in a direction 
toward the second long side, second and third openings proceeding from the second long side at a predeter- 
mined incline toward the first long side, the second and third openings being symmetrical with respect to the 

40 first opening, wherein the second opening pattern comprises fourth to sixth openings, the fourth opening com- 

prising a trunk proceeding in a direction horizontal to the first and second short sides, first and second 
branches branched from the trunk toward the first long side slightly up and downwards, and first and second 
sub-branches respectively extended from the first and second branches opposite each other in a direction par- 
allel to the first and second long sides, the fifth opening portion comprising a body parallel to the first branch, 

45 and first and second limbs extended from top and bottom ends of the body respectively in directions parallel 

and perpendicular to the first and second short sides, the sixth opening portion being symmetrical to the fifth 
opening portion with respect to the fourth opening portion, 

and wherein the first and second opening patterns are alternately arranged when viewed from above. 

so 22. The liquid crystal display of claim 21 wherein the first and second sub-branches, and the second limbs have a width 
greater than a width of other portions of the second opening pattern. 

23. The liquid crystal display of claim 21 or 22 further comprising a first polarizer film formed on the bottom surface of 
the first substrate, and a second polarizer film formed on the top surface of the second substrate, the first and sec- 

55 ond polarizer films being polarized either in the horizontal and vertical directions or in the vertical and horizontal 
directions. 

24. The liquid crystal display of claim 21 or 22 wherein the width of the first to sixth openings is in the range of 1 0-1 6 
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25. A liquid crystal display comprising: 
a first insulating substrate having top and bottom surfaces; 

a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode having a first 
opening pattern at each pixel area, the pixel electrode with the first opening pattern being substantially rectan- 
gular in shape in each pixel area and having (a) first and second long sides, (b) first and second short sides, 
(c) first and fourth corners formed respectively by ends of the first short side and the first long side and by the 
second short side and the first long side, (d) second and third corners respectively formed by the first short side 
and the second long side and by the second short side and the second long side, (e) an upper region corre- 
sponding to roughly half of the pixel electrode defined by the first and second long sides and the first short side, 
and (f) a lower region corresponding to roughly half of the pixel electrode defined by the first and second long 
sides and the second short side; 

a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 
parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 
of the second insulating substrate faces the top surface of the first insulating substrate; 
a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 
having a second opening pattern at each pixel area, the common electrode with the second opening pattern 
being substantially rectangular in shape in each pixel area and having (a) first and second long sides, (b) first 
and second short sides, (c) an upper region corresponding to roughly half of the common electrode defined by 
the first and second long sides and the first short side, and (d) a lower region corresponding to roughly half of 
the pixel electrode defined by the first and second longs sides and the second short side; and 
a liquid crystal layer sandwiched between the first and second substrates while contacting the pixel and com- 
mon electrodes, 

wherein the first opening pattern comprises a first opening, the first opening comprising a first inclined line pro- 
ceeding from the first long side toward the second long side, and a second inclined line extended from the first 
inclined line toward the first long side, 

wherein the second opening pattern comprises second and third openings, the second opening comprising a 
base proceeding in a direction parallel to the first and second long sides, and a projection extended from the 
base in a direction parallel to the first and second short sides, the third opening comprising a body proceeding 
in a direction parallel to the first and second short sides, and first and second limbs extended from top and bot- 
tom ends of the body at a predetermined incline while being symmetrical to each other with respect to the sec- 
ond opening; 

and wherein the first and second opening patterns are alternately arranged when viewed from above. 

26. The liquid crystal display of claim 25 further comprising a first polarizer film formed on the bottom surface of the first 
substrate, and a second polarizer film formed on the top surface of the second substrate, the first and second polar- 
izer films being polarized either in the horizontal and vertical directions or in the vertical and horizontal directions. 

40 

27. The liquid crystal display of claim 25 or 26 wherein the width of the first to third openings is in the range of 10-16 
urn. 

28. The liquid crystal display of claim 25 or 26 wherein the second top and bottom edges of the pixel electrode, and 
45 edges of the pixel electrode at where the base and the projection meet are cut away. 

29. A liquid crystal display comprising: 

a first insulating substrate having top and bottom surfaces; 

so a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode having a first 

opening pattern at each pixel area, the pixel electrode with the first opening pattern being substantially rectan- 
gular in shape and having (a) first and second long sides, (b) first and second short sides, (c) first and fourth 
comers formed respectively by ends of the first and short side and the first longs side and by the second short 
side and the first long side, (d) second and third corners formed respectively by the first short side and the sec- 

55 ond long side and by the second short side and the second long side, (e) an upper region corresponding to 

roughly half of the pixel electrode defined by the first and second long sides and the first short side, and (f) a 
lower region corresponding to roughly half of the pixel electrode defined by the first and second long sides and 
the second short side; 



10 



15 



20 



25 



30 



19 



EP 1 091 238 A2 

a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 
parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 
of the second insulating substrate faces the top surface of the first insulating substrate; 
a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 
having a second opening pattern at each pixel area, the common electrode with the second opening pattern 
being substantially rectangular in shape in each pixel area and having (a) first and second long sides, (b) first 
and second short sides, (c) an upper region corresponding to roughly half of the common electrode defined by 
the first and second long sides and the first short side, and (d) a lower region corresponding to roughly half of 
the pixel electrode defined by the first and second longs sides and the second short side; and 
a liquid crystal layer sandwiched between the first and second substrates while contacting the pixel and com- 
mon electrodes, 

wherein the first opening pattern comprises a first opening hollowed from the first long side and extending 
toward the second long side in a direction parallel to the first and second short sides, and a second opening 
hollowed from the second long side and extending toward the first long side parallel to the first opening, 
wherein the second opening pattern comprises a third opening, the third opening comprising a first inclined line 
proceeding in a first direction, a second inclined line extended from the first inclined line in a second direction 
opposite the first direction, and a third inclined line extended from the second inclined line parallel to the first 
inclined line, 

and wherein the first and second openings partition the pixel electrode into three separate regions, and the 
third opening partitions each region of the pixel electrode into two sub-regions. 

30. The liquid crystal display of claim 29 further comprising a first polarizer film formed on the bottom surface of the first 
substrate, and a second polarizer film formed on the top surface of the second substrate, the first and second polar- 
izer films being polarized either by 45° and 135° or by 135° and 45°. 

31 . The liquid crystal display of claim 29 or 30 wherein the width of the first to third openings is in the range of 1 0-1 6 
urn. 

32. The liquid crystal display of claim 29 or 30 wherein edges of the pixel electrode at inlet areas of the first and second 
openings as well as the second and third corners of the pixel electrode are cut away. 

33. A liquid crystal display comprising: 

a first insulating substrate having top and bottom surfaces; 

a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode having a first 
opening pattern at each pixel area, the pixel electrode with the first opening pattern being substantially rectan- 
gular in shape and having long sides and short sides; 

a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 

parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 

of the second insulating substrate faces the top surface of the first insulating substrate; 

a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 

having a second opening pattern at each pixel area, which correspond to each pixel area of the pixel electrode; 

and 

a liquid crystal layer sandwiched between the first and second substrates while contacting the pixel and com- 
mon electrodes, 

wherein the first opening pattern comprises a plurality of linear openings spaced apart at a predetermined dis- 
tance and arranged in parallel in a direction parallel to the long sides, 

wherein the second opening pattern comprises a plurality of X-shaped openings spaced apart from each other 
at a predetermined distance and arranged in parallel in a direction parallel to the long sides, 
and wherein the first opening pattern partitions the pixel electrode into a plurality of regions, and the second 
opening pattern partitions each region of the pixel electrode into four sub-regions. 

34. The liquid crystal display of claim 33 further comprising a first polarizer film formed on the bottom surface of the first 
substrate, a second polarizer film formed on the top surface of the second substrate, the first and second polarizer 
films being polarized either by 45° and 135° or by 135° and 45°. 

35. The liquid crystal display of claim 33 or 34 wherein the width of the openings of the first and second opening pat- 
terns is in the range of 10 to 1 6 urn. 
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36. A liquid crystal display comprising: 

a first insulating substrate having top and bottom surfaces; 

a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode having a first 
opening pattern at each pixel area, the pixel electrode with the first opening pattern being substantially rectan- 
gular in shape in each pixel area and having first and second long sides, first and second short sides, an upper 
region corresponding to roughly half of the pixel electrode defined by the first and second long sides and the 
first short side, and a lower region corresponding to roughly half of the pixel electrode defined by the first and 
second long sides and the second short side; 

a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 

parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 

of the second insulating substrate faces the top surface of the first insulating substrate; 

a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 

having a second opening pattern at each pixel area, which correspond to each pixel area of the pixel electrode; 

and 

a liquid crystal layer sandwiched between the first and second substrates while contacting the pixel and com- 
mon electrodes, 

wherein the first opening pattern comprises a first opening proceeding in a direction parallel to the first and sec- 
ond long sides, and second openings positioned under the first opening portion while proceeding in a direction 
parallel to the first and second short sides, the second opening partitioning the pixel electrode into upper and 
lower regions, 

wherein the second opening pattern comprises third openings proceeding in a direction parallel to the first and 
second long sides, and fourth openings positioned below the third opening while proceeding in a direction par- 
allel to the first and second short sides, 

and wherein the first and third openings are alternately arranged while partitioning the upper region of the pixel 
electrode into a plurality of sub-regions in a direction parallel to the first and second long sides, and the second 
and fourth openings are alternately arranged while partitioning the lower region of the pixel electrode into a plu- 
rality of sub-regions in a direction parallel to the first and second short sides. 

37. The liquid crystal display of claim 36 wherein the fourth opening closest to the second short side overlap the sec- 
ond short side of the pixel electrode. 

38. The liquid crystal display of claim 36 wherein both ends of the fourth openings have a gradually enlarged width. 

39. The liquid crystal display of claim 36 wherein a bottom end of the first opening has a gradually reduced width. 

40. The liquid crystal display of claim 36 further comprising a first polarizer film formed on the bottom surface of the first 
substrate, and a second polarizer film formed on the top surface of the second substrate, the first and second polar- 
izer films being polarized either by 45° and 135° or by 135° and 46°. 

41 . The liquid crystal display of claim 36 wherein the width of the first to fourth openings is in the range of 1 0 to 16 urn. 

42. A liquid crystal display comprising: 

a first insulating substrate having top and bottom surfaces; 

a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode having a first 
opening pattern at each pixel area, the pixel electrode with the first opening pattern being substantially rectan- 
gular in shape in each pixel area and having (a) first and second long sides, (b) first and second short sides, 
(c) an upper region corresponding to roughly half of the pixel electrode defined by the first and second long 
sides and the first short side, and (d) a lower region corresponding to roughly half of the pixel electrode defined 
by the first and second long sides and the second short side; 

a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 
parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 
of the second insulating substrate faces the top surface of the first insulating substrate; 
a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 
having a second opening pattern at each pixel area, the common electrode with the second opening pattern 
being substantially rectangular in shape in each pixel area and having (a) first and second long sides, (b) first 
and second short sides, (c) an upper region corresponding to roughly half of the common electrode defined by 
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the first and second long sides and the first short side, and (d) a lower region corresponding to roughly half of 
the pixel electrode defined by the first and second longs sides and the second short side; and 
a liquid crystal layer sandwiched between the first and second substrates while contacting the pixel and com- 
mon electrodes, 

wherein the first opening pattern comprises a first linear opening proceeding in a direction parallel to the first 
and second short sides, 

wherein the second opening pattern comprises a second opening proceeding in a direction parallel to the first 
and second long sides, and a third opening positioned away from the second opening toward the second short 
side and proceeding in a direction parallel to the first and second short sides, 

and wherein the second opening bisects the upper region of the pixel electrode into left and right sub-regions, 
and the first and third openings partition the lower region of the pixel electrode into a plurality of sub-regions. 

43. The liquid crystal display of claim 42 wherein a top end of the second opening portion, and both ends of the third 
opening portion have a gradually enlarged width. 

44. The liquid crystal display of claim 42 wherein the third opening overlaps the second short side of the pixel electrode. 

45. The liquid crystal display of claim 42 further comprising a first polarizer film formed on the bottom surface of the first 
substrate, and a second polarizer film formed on the top surface of the second substrate, the first and second polar- 
izer films being polarized either by 45° and 1 35° or by 1 35° and 45°. 

46. The liquid crystal display of claim 42 wherein the width of the first to third openings is in the range of 10 to 16 um. 

47. A liquid crystal display comprising: 

a first insulating substrate having top and bottom surfaces; 

a pixel electrode formed on the top surface of the first insulating substrate, the pixel electrode at each pixel area 
being shaped with a plurality of ovals continuously interconnected in the vertical direction; 
a second insulating substrate having top and bottom surfaces, the second insulating substrate being arranged 
parallel to the first insulating substrate at a predetermined distance from the same such that the bottom surface 
of the second insulating substrate faces the top surface of the first insulating substrate; 
a common electrode formed on the bottom surface of the second insulating substrate, the common electrode 
having an opening pattern at each pixel area, which correspond to each pixel area of the pixel electrode; and 
a liquid crystal layer sandwiched between the first and second substrates while contacting the pixel and com- 
mon electrodes, 

wherein the opening pattern comprises first diamond-shaped openings spaced apart from each other at a pre- 
determined distance in a longitudinal direction, and second and third openings externally surrounding the first 
diamond-shaped openings, 

wherein the region of the common electrode defined by inner sides of the second and third openings facing the 
diamond-shaped opening portion being formed with oval-shaped portions, each oval-shaped portion surround- 
ing one of the diamond-shaped openings, 

and wherein each of the first diamond-shaped openings is positioned at each oval-shaped portion of the pixel 
electrode when viewed from above, and the second and third openings surround the pixel electrode. 

48. The liquid crystal display of claim 47 further comprising a first polarizer film formed on the bottom surface of the first 
substrate, and a second polarizer film formed on the top surface of the second substrate, the first and second polar- 
izer films being polarized either in the longitudinal direction and perpendicular to the longitudinal direction or vice 
versa. 

49. The liquid crystal display of claim 47 wherein a distance of the second and third openings to an outer side of the 
pixel electrode is uniformly in the range of 1 0-1 6 um. 
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FIG. 4A 
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FIG. 4B 
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FIG. 4C 
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FIG. 5A 
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FIG. 5B 
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FIG. 5C 
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FIG. 6B 
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FIG. 7A 
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FIG. 7B 
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FIG. 7C 
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FIG. 8A 



12 162 





161 



170 



37 



EP 1 091 238 A2 



FIG. 8B 
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FIG. 8C 
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FIG. 9A 
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FIG. 10A 
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FIG. 10C 
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FIG. 11 




46 



EP 1 091 238 A2 



FIG. 12A 
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FIG. 12B 
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FIG. 14 
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(A) C Pattem(wkJth:7um) (B) B Pattern(width: 1 0um) (C) D Pattem(width: 1 3um) 
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(A) C Pattem:3V-> 3.5V -> 4V -> 5V (B) D Pattern:3V~> 3.5V"> 4V 
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FIG.18 



(A) Small Width, Low Voltage 



(C) Large Width, Low Voltage 
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(A) Small Width, High Voltage 
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(D) Large Width, High Voltage 
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FIG. 19 
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FIG. 20 
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FIG. 21 A 
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FIG. 2 IB 
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FIG. 21C 





c 



y// /////// ////S<\ 



56 



